Background. One of the mechanisms that has been suggested for obesity related metabolic disturbances is obesity-induced inflammation. Pro-inflammatory cytokines generated in adipose tissue can increase hepatic synthesis of inflammation-sensitive plasma proteins (ISPs) including ceruloplasmin (Cp). In this study we aimed to investigate the relation between serum Cp level and obesity. Methods. 61 persons with body mass index (BMI) ≥ 25 kg/m 2 (case group) and 61 persons with BMI < 25 kg/m 2 (control group) were included in this study with a case-control design. Serum Cp levels, triglyceride level, fating blood glucose, total cholesterol, LDL-cholesterol, HDL-cholesterol and hsCRP were measured in both groups. Results. We did not observe any significant association between serum Cp level and BMI in all subjects [OR: 1.02 (CI, 0.967 to 1.07)] and in case (β = 0.012, P = 0.86) and control groups (β = 0.49, P = 0.07) separately. However, in control group, this positive association was marginally significant. We found a positive correlation between serum Cp level and serum triglyceride level. Conclusion. Serum Cp level was not related to obesity in this group of subjects. None of the baseline variables could predict obesity in this group of subjects, including serum Cp level, FBS, total cholesterol, LDL and HDL-cholesterols and hsCRP.
Introduction
Obesity is a continuously worldwide public health problem that is closely associated with chronic diseases like dyslipidemia, metabolic syndrome, type 2 diabetes, atherosclerosis, and cardiovascular diseases [1, 2] . Different studies were done in order to recognize the involved mechanisms in pathophysiology of obesity and obesity-related diseases [3, 4] . Among these mechanisms, obesity-induced inflammation proposed as the potential link of obesity-related metabolic disturbances and chronic diseases [5] .
Some studies have reported the positive correlation between body fat mass and inflammation-sensitive plasma proteins or ISPs, along with other inflammatory markers [4, 6, 7] . Kim et al., in a cross-sectional study with proteomic approach, reported that ceruloplasmin and fibrinogen were overexpressed in obese subjects [8] . In addition, in a cohort study on healthy men, aiming to study ISPs effects on modifying cardiovascular risk in obese subjects, there was not any association between ceruloplasmin level and BMI [9] . Proinflammatory cytokines produced in adipose tissue can increase hepatic synthesis of ISPs, which are known as important cardiovascular disease risk factors [7, 8] .
Ceruloplasmin (Cp) is a member of ISPs family that is used in clinical practice to measure the degree of inflammation. Accumulating epidemiological data have reported that serum ceruloplasmin level increases in subjects with cardiovascular disorders, like atherosclerosis, abdominal aortic aneurysm, unstable angina, vasculitis, peripheral vascular diseases, and also in type 2 diabetes [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Most attention in recent years has been devoted to the concept that obesity elicits a chronic, low-grade systemic 2 Journal of Obesity inflammatory response [20] . Limited studies investigated the association between serum ceruloplasmin level and obesity [6, 8] , and mainly, these studies focused on the association of this protein and cardiovascular diseases [9, [21] [22] [23] [24] . We have no study in our country about this issue. Because serum Cp levels are affected by genetic and environmental factors, we can expect different results in different population studies [21] , on the other hand, because obesity pattern in Iran is different from those in other countries, conducting such studies appears to be necessary. This study aims to investigate the association between serum ceruloplasmin level and obesity and some of the metabolic and inflammatory indexes, in order to recognize new biomarkers for obesity.
Methods

Study Design.
The study was conducted in case-control design. The subjects with BMI above or equal to 25 kg/m 2 were placed in case group and with BMI lower than 25 kg/m 2 in control group. This was based on their body mass index or BMI. Collecting data was from March 2012 to July 2012. The subjects in case group (61 subjects) were selected from overweight and obese subjects, referring to nutrition clinics that had the qualification to enter the study (aged between 25-60 years), in continuous manner and for the control group (61 subjects), we selected one subject with normal weight per each case, that again, was qualified to enter the study. Factors like age and sex were controlled for sampling. Subjects with diseases like coronary artery disease, stroke, peripheral vascular diseases, type 2 diabetes, liver or kidney dysfunction, history of regular use of any medication that could affect cardiovascular function, and pregnant women excluded from the study. To determine sample size, we used the following expression:
where z 1−α/2 is the study confidence coefficient 95% and equal to 1/96, (p 1 ) obesity ratio 30%, (p 2 ) normal ratio 50%, and (d) sampling error and equal to 0/17. 
Anthropometric and Biochemical
Results
Baseline characteristics of the participants are shown in Table 1 . In this study, 122 subjects (55 male and 67 female) were investigated, 61 subjects were in case group and 61 subjects in control group. There was a significant difference in LDL cholesterol level between two groups, as we see in Table 1 . 5% of subjects was found with hypertension (subjects with blood pressure ≥140/90 mmHg) and 15/6% with hyperlipidemia (subjects with serum triglyceride level ≥200 mg/dL, or total cholesterol level ≥200 mg/dL, or LDL cholesterol level ≥130 mg/dL were considered hyperlipidemic). There was no significant difference between sex, hypertension, hyperlipidemia, hyperthyroidism ratios, and also drug consumption between the two groups. The mean serum Cp level in control group was 29/7 ± 7/1 mg/dL and in case group was 30/8 ± 7/6 mg/dL. The difference of mean serum Cp level between two groups was not significant (P = 0/4). There was not any significant association between serum Cp level and BMI in all subjects (Table 2) , and when we investigated this association in case and control groups separately, this association was not significant again; however, in control group, this positive association was close to significance level (Table 3) . Correlation analysis showed that there was a positive significant correlation between serum Cp level and serum triglycerides (P < 0/05, r = 0/21). But the correlation was not significant for serum Cp level and other variables like FBS, total cholesterol, LDL and HDL cholesterols, hsCRP, age, and sex. In multivariate analysis model, there was no significant association of serum ceruloplasmin level with waist circumference and BMI [F(2, 48) = 2/2, P = 0/122]. Also, there was not any significant association between serum ceruloplasmin level with body weight and height [F(2, 111) = 0/33, P = 0/71].
In linear multiple regression, none of the baseline variables could predict obesity in this group of subjects, including serum Cp level, FBS, total cholesterol, LDL and HDL cholesterols, and hsCRP. 
Discussion
In this case-control study, there was no significant association between serum Cp level and obesity in all subjects and in case and control groups separately. However, in control group, this positive relation was close to significance. Also, we found a significant positive correlation between serum Cp level and serum triglyceride level. So far, the association between serum Cp level and obesity has not been investigated in Iran. Cp is a copper-containing α-2 glycoprotein which contains seven copper atoms per molecule and accounts for 95% of the total circulating copper in healthy adults. It is involved in coagulation, angiogenesis, defence against oxidant stress and iron homeostasis [8] .
A limited number of studies have investigated the association between serum Cp and obesity, and most of them have reported a positive correlation between body fat mass and inflammation-sensitive plasma proteins or ISPs, like Cp, along with other inflammatory markers [6, 8] . Proinflammatory cytokines generated in adipose tissue can increase hepatic synthesis of ISPs. These proteins are recognized as cardiovascular disease risk factors and some of them like haptoglobin, fibrinogen, α 1 -antitrypsin, and Cp were used in clinical practice to measure the degree of inflammation [8] . In this study, there was no significant association between serum Cp level and obesity in all subjects, and Engström et al. study [9] in (2004) supports this finding. In that study, in addition to Cp, they investigated some of the other ISPs, among which Cp and α 1 -antitrypsin, had not any association with BMI. Serum Cp level can be affected by genetic and environmental factors like diet, life style, and diseases [21] . Thus, we may find different results in the study of different populations. The mechanisms by which Cp is related to obesity has not been identified; however, it is possible that Cp is involved in the inflammatory pathway linked to obesity [8] . In addition, obesity is associated with oxidative stress. Therefore, elevated serum Cp levels may signal abnormally high oxidant stress [9] . Göçmen et al. [21] showed that Cp can act, depending on its concentration, as antioxidant or prooxidant in laboratory conditions. In this study, we tried to investigate the association between serum Cp level and some of the metabolic syndrome elements and also hsCRP, in addition to obesity. Among these indexes, Cp had a significant positive correlation with serum triglyceride level.
One of the limitations of the study is not to measure other ISPs along with Cp, as we explained earlier, the association between obesity and ISPs can differ by their types. Another limitation is the small sample size of this study, due to which, perhaps the association is not significant between Cp and obesity in all subjects. Not measuring the dietary intakes in study subjects is considered the other limitation, because, in one hand, the intake of some micronutrients, like copper, can affect serum ceruloplasmin level, and on the other hand, it has been found that the degree of macronutrient intake affects the severity of inflammation [9] . Because the use of oral contraceptive pills or OCPs can affect serum ceruloplasmin level the other limitation is not to consider their consumption in the study.
We propose for future studies to consider other ISPs in addition to Cp, to conduct intervening studies in this basis, and also to conduct this kind of investigations in children. As we discussed earlier, serum Cp level is affected by genetic and environmental factors and we may find different results in the study of different populations. This study is the first one to investigate the association between serum cp level and obesity in Iran.
